Hatching and development of five populations of potato cyst-nematodes (two of G. rostochiensis and three of G. pallida) were studied at different temperatures. There were no fundamental differences between British and Peruvian populations but a Peruvian population (from Otuzco) seemed well adapted to a wide range of temperatures. G. pallida populations hatched and reproduced more at lower temperatures than G. rostochiensis populations, but G. rostochiensis was more successful than G. pallida at temperatures above 20°.
Hatching and development of five populations of potato cyst-nematodes (two of G. rostochiensis and three of G. pallida) were studied at different temperatures. There were no fundamental differences between British and Peruvian populations but a Peruvian population (from Otuzco) seemed well adapted to a wide range of temperatures. G. pallida populations hatched and reproduced more at lower temperatures than G. rostochiensis populations, but G. rostochiensis was more successful than G. pallida at temperatures above 20°.
The potato cyst-nematodes Globodera ro.rtochien.ri.r and G. pallida are obligate root parasites of potatoes and other members of the Solanaceae. The effects of temperature on the biology of G. ro.rtochien.ri.r have already been much studied but few reports comparing the two species of nematodes have been made. Furthermore, no information exists on Andean populations of these two species.
Soil temperature is determined by the amount of radiation received during the day, that intercepted by vegetation, lost by reflection, convection and radiation from the surface at night and that conducted downwards into the soil. Warming of the soil by radiation depends on its water content and the vegetation cover (Jones, 1975a ). An important effect of temperature for plant parasitic nematodes is the indirect regulation of the abundance of food. When the food supply is adequate, temperature affects such functions as movement, rate of growth and generation time (Jones, 1977) . Average soil temperatures in potato growing areas of countries with a moderate climate, such as the north western part of Europe and the northern part of the United States are 15-18°, similar to those found in potato growing areas of South America. Different nematode activities may have different temperature requirements and different populations of the same nematode species may have different temperature requirements, as found with the potato cyst-nematode Globodera ro.rtochien.ri.r (Fenwick, 1949 (Fenwick, , 1950 Ellenby & Smith, 1975) . The development of G. rostochien.ri.r within the host plant is inhibited at 29° to 32° (Mai & Harrison, 1959) but emergence of larvae from the cyst may continue until 36° to 37° (Mai, 1952 ) . The optimum temperature for invasion of this species is 1 5 to 16° (Chitwood & Buhrer, 1946) for emergence from the cyst 21° to 25° (Lownsbery, 1950; Fenwick, 195 1 ) and for development within the host 18° to 24° (Ferris, 1957 Although many earlier publications probably refer to G. ro.rtochien.ri.r Rol, differences in results found by different workers suggest that some of them may have been working with G. pallida or mixed populations. Guile ( 1967 ) and McKenna & Winslow (1972) showed that at 25 juveniles of G. rostochiensis hatched more readily than those of G. pallida. K3hn (1972) found that hatching occurs at a minimum temperature of 10° for G. ro.rtochien.ri.r and 9° for 'another' species, and that the rate of hatching at 20.5° was faster with G. ro.rtochien.ri.r. Ellis & Hesling (1975) tested the hatching of twelve isolates of G. ro.rtochien.ri.r and G. pallida at 18° and found that emergence from isolates in which G. pallida predominated was more rapid than that from isolates in which G. ro.rtochien.ri.r predominated.
Although Jones (1975) showed that the development of female cyst-nematodes in the field could be modelled by effective accumulated temperature, the rate of development of potato cyst-nematodes has been little studied. McKenna & Winslow (1972) and Winslow & McKenna (1972) in experiments outdoors found that G. ro.rtochien.ri.r developed faster than G. pallida and in a heated glasshouse its multiplication rate over a year (and therefore several generations) was greater. When a mixture of species was present, G. pallida was unable to compete with G. ro.rtochien.ri.r. Lane and Holliday (1974) found that G. pallida increased at the expense of G. ro.rtochien.ri.r and that it increased even more on plants grown on a north-facing slope when compared to multiplication on plants grown on a southfacing slope. Kuhn (1974) found that emergence of males from potato roots varied according to the time of the year but that it was earlier for G. rostochiensis than G, pallida.
, The experiments described below tested hatching and multiplication of five populations of G. ro.rtochien.ri.r and G. pallida at different temperatures.
MATERIALS AND METHODS
Arran Banner potato plants were grown in pots containing 300 g of soil which were placed in water-baths maintained at constant temperatures (10 °, 14° and 18° ) . Twelve days after planting each pot was inoculated with 3000 juveniles of either G. ro.rtochien.ri.r (populations BR-3 from Britain and PR-8 from Peru) or G. pallida (populations BP-1 and BP-2 from Britain and PP-4 from Peru). The pathotypes to which these populations belong are in Table I . Sixteen days after inoculation the numbers of nematodes in roots were counted in four plants from each treatment. Nine weeks later the cysts were extracted and counted and their egg contents determined.
Cysts reared on the cultivar Arran Banner were used for the hatching test. Twenty-seven batches of 50 cysts each were picked from each population. Three of them were used to determine the egg content and the other twenty-four were
